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Bull. 35 ( 2 ) 823-828 (1987) Palladium (Received July 11, 1986) The palladium-catalyzed reactions of 4-bromo-and 5-bromothiazoles, as well as 4-bromo-and 5-bromooxazoles with terminal acetylenes gave ethynyl derivatives in 43-89% yields, whereas the reactions of 2-bromothiazoles and iodo-N-methylimidazoles afforded the products in poor yields. The reaction of the halo-1,3-azoles with terminal olefins was also examined. The palladium-catalyzed reaction of aryl halides with terminal acetylenes is a powerful method to introduce ethynyl groups into aromatic nuclei. This reaction was reported independently by Casser1) and Dieck and Heck, 2) and later was improved , by Sonogashira et al. 3) On the other hand, Heck et al.4 ) developed a similar palladium-catalyzed reaction of aryl halides with olefins. These reactions were applied to six-membered N-heteroaryl halides by several groups, using acetylenes5) and olefins.6) This article is concerned with an approach to the introduction of an unsaturated sidechain into 1,3-azole nuclei by the use of the palladium-catalyzed reaction of halo-1,3-azoles with terminal acetylenes and olefins. Firstly, the palladium-catalyzed reaction of phenylacetylene with halo-1 ,3-azoles such as bromothiazoles, bromooxazoles , and iodo-N-methylimidazoles was examined as a preliminary experiment.
As shown in Tables I, II , and III, the reaction of the 1 ,3-azoles under conventional conditions [dichlorobis(triphenylphosphine)palladium-cuprous iodide-triethylamine] afforded the desired products in moderate yields at the 4-and 5-positions , but in the case of the 2- position, the reaction afforded the products in low yields. In general, aryl iodides are the best substrates among the corresponding chlorides, bromides, and iodides in acetylene crosscoupling reaction,5a) but in the case of iodo-N-methylimidazoles, the reaction gave an unsatisfactory result at any position.
On the basis of these findings, the reaction with trimethylsilylacetylene3t,5f) was carried out in order to synthesize the 1,3-azole derivatives containing an unsubstituted ethynyl group.
The 4-and 5-bromothiazoles could be converted into the corresponding trimethylsilylethynyl compounds in moderate yields, whereas the products obtained by the reaction of 4-and 5-brOmooxazoles with trimethylsilylacetylene resinified during the purification process. Palladium-Catalyzed Reaction of Halo-1,3-azoles with Trimethylsilylacetylene (General Procedure B) A crude trimethylsilylethynyl-1,3-azole obtained according to general procedure A, was dissolved in a mixture of I N KOH (6 ml) and Me0H (20 ml) and the solution was stirred at room temperature with monitoring by SiO2 thin-layer chromatography. After evaporation of the solvent, the aqueous residue was extracted with ether . The residue obtained from the ethereal extract was purified according to general procedure A.
Palladium-Catalyzed Reaction of Halo-1,3-azoles with Olefins (General Procedure C) A mixture of a halo-1 ,3-azole (10 mmol), an olefin (12 mmol), Pd(OAc)2 (110 mg), Et3N (1.2 ml), and dimethylformamide (DMF, 4 ml) or MeCN (6 ml) was heated in a sealed tube at an appropriate temperature for an appropriate time as shown in Tables IV, V, and VI. After evaporation of the solvent, the residue was purified by SiO2 column chromatography , and the product was distilled or recrystallized.
